Isolation and characterization of the rat gene for carbamoylphosphate synthetase I.
Carbamoylphosphate synthetase I (CbmPS) is first expressed in rat hepatocytes shortly before birth. After birth, expression of CbmPS gradually becomes confined to the hepatocytes surrounding the portal veins. To obtain insight into the spatiotemporal regulation of its expression, the rat CbmPS gene was isolated and characterized. The gene is 110 kb in length and contains 38 exons. The basal promoter comprises the first 161 nucleotides upstream of the transcription-initiation site. Determination of the state of methylation of the 5' portion of the gene identified a CCGG sequence at -6.3 kb that is selectively demethylated in adult tissues which express CbmPS. This site remains methylated before birth, however, despite recruitment of all hepatocytes for CbmPS synthesis, indicating that its demethylation is a consequence of rather than a condition for expression of CbmPS. Transient expression assays revealed that the region surrounding the CCGG site at 6.3 kb functions as an enhancer. In FTO-2B hepatoma cells and Rat-1 fibroblasts, this enhancer is constitutively active when tested in front of the basal viral thymidine kinase promoter. When tested in front of the basal CbmPS promoter in hepatoma cells, however, the activity of this enhancer is dependent on the presence of glucocorticoids. In Rat-1 fibroblasts, the presence of both glucocorticoids and cyclic AMP is required for full activity, suggesting that the hepatocyte-specific expression of CbmPS is related to tissue-specific differences in the sensitivity to cyclic AMP. Matrix-attachment regions (MAR) are present upstream and downstream of the CbmPS gene. The downstream MAR defines the 3' boundary of the gene. The upstream MAR is located midway between the basal promoter and the enhancer, and may function as a hinge point to facilitate the positioning of the enhancer in the vicinity of the basal promoter.